Abstract -This study investigates the effects of the forty-year cultivation of Picea abies on the floristic composition, physical and chemical soil characteristics, and the intensity of organic matter decomposition in a zone of mountainous beech forest (mt. maljen, northwestern Serbia). The long-term cultivation of conifers in a deciduous habitat has caused a reduction in biodiversity, as well as changes in the soil which were most pronounced in the top soil layer. There were found to be lower soil moisture levels (p<0.05), lower active (p<0.01) and substitutional acidity (p<0.001), depletion of the adsorption complex in base cations (p<0.001), and lower levels of n, P and K (p<0.001) in the spruce stand in relation to the beech stand (control). The higher C/n ratio of spruce litter (p<0.001) caused its lower decomposition rate in comparison to beech litter (p<0.01). All these changes have led to degradation and a reduction in this ecosystem's productivity.
IntrODuCtIOn
Soil acidification across europe has prompted research into the influence of various woody species on soil characteristics, particularly over the last two decades (nihlgard, 1971; ranger and nys, 1994; Derome et al., 2001; Oulehle et al., 2007 Oulehle et al., , 2010 . It has been proven that vegetation composition, and in particular the composition of woody species, has varying effects on the chemical characteristics of soil and the processes in it (Pavlović, 1998; Dinić et al., 2001; Augusto et al., 2002; Klimo et al., 2006; moukoumi et al., 2006; Kostić, 2007) . Despite these effects being the result of the interaction between all the components of an ecosystem, the primary factor in these processes is the litter of the dominant woody species and its quality (Facelli and Pickett, 1991; Bonifacio et al., 2008; Bagherzadeh et al., 2008) . leaf litter is the largest single source of organic matter in soil (Aber et al., 1990; Kuzyakov and Domanski, 2000) , and its decomposition is a key process in the functioning of forest ecosystems (Swift et al., 1979) . The intensity of leaf litter decomposition is influenced by the environmental conditions in which decay takes place, the chemical composition of the leaf litter, and the decomposer community structure (Polyakova and Billor, 2007; Berg and mcClaugherty, 2008) . Forest litter acts as an input-output system for nutritious material in which the processes of nutrient cycling, primary production and maintaining soil fertility in the ecosystem vary according to the intensity of litter influx and the intensity of its decomposition (Sariyildiz and Anderson, 2003; Pandey et al., 2007; Wang et al., 2008) . The negative input-output budgets for some nutrients promote higher soil acidification and a decrease in pH (Augusto et al., 2002) . tree species with different litter quality can cause a di-verging impact on humus type, nutrient availability and acidification of the top soil (ritter et al., 2003) . Different woody species on the same soil type can condition the formation of mull, moder or mor humus types (Klinka et al., 1981; Doleman and eijsackers, 2004) . Woody species which have litter rich in base cations, particularly calcium, such as beech litter (Berger et al., 2008) , might direct the humus development towards mull types, while woody species which have litter that abounds in acidic cations, such as Picea abies, condition the formation of moder or mor humus types (rothe et al., 2002; Berger et al., 2004; van Oijen et al., 2005; Berger et al., 2008) . Plant species with litter characterized by a higher content of nutrients and base cations impact on higher base saturation (v%), cation exchangeable capacity (t), pH, soil fauna activity, decomposition rate, total porosity and lower C/n ratios (Binkley and valentine, 1991; neirynck et al., 2000; van Oijen et al., 2005) . A decrease in pH leads to changes in many other soil characteristics, such as the concentration of bio-available P (Carreira et al., 1997) . Spruce litter, which is well-protected both chemically (a high content of polyphenols and tannin) and mechanically (lignins, waxes and resins), decomposes very slowly, and hence the accumulation of organic matter on the surface of the forest soil causes the sequestration of nutrients, the acidification of top soil, reduced activity of soil macro fauna, and shallow rooting (Berger et al., 2008) . research into plantations in temperate zones that are up to 30 years old, has shown that changes in the characteristics of soil that are under the influence of plant species first appear in the surface layer (raulund-rasmussen and vejre, 1995; Alriksson and eriksson, 1998; vesterdal and raulund-rasmussen, 1998; vesterdal et al., 2002; Hagen-Thorn et al., 2004) . As the stand ages, this influence becomes more and more marked, and after 40-50 years the influence of the dominant woody species can be noted in the deeper soil strata as well (Binkley and valentine, 1991; norden, 1994) .
Besides determining the litter type and modifying soil characteristics, woody species also have an impact on changes in the light regime in a forest stand (Berbier et al., 2008) , which, as a whole, influences the composition of understory vegetation. Past research has mainly studied the relationships between trees and soil, or soil and the understory, while studies that have included both interactions are rare (Pigott, 1989; van Ojen et al., 2005) .
under natural conditions, Serbia is a country of deciduous trees, and beech (Fagus moesiaca (Domin, maly) Czeczott) is the most widespread tree species. It dominates in the forest reserves of Serbia, accounting for 60% of the volume of trees and 31% of the surface area it occupies. Coppice forests and shrubs comprise 52.56% of the total area populated by beech (medarević et al, 2003) . Such a high proportion of coppice and degraded forests, which are often unable to make use of the production potential of the habitat, meant that the need arose for the melioration of these forests in order to improve their quality (Jovanović et al., 1983) . As such, in the mid-20th century, a program of intensive afforestation was begun, and according to data from the national Inventory of Forests, the surface area of silviculture in Serbia today totals 174,800 ha, 71.4% of which comprises coniferous plantations (european black pine, spruce, Douglas fir, eastern white pine, etc.) (Banković et al., 2008) . When it came to choosing coniferous species for the melioration of degraded forest areas and for the afforestation of barren land, their productive capabilities were of the greatest importance. However, they were also planted in localities that, due to the ecological conditions, would have been naturally inhabited by deciduous species. Hence, for example, norway spruce (Picea abies (l) Karst.), which was planted at mid and low altitudes, found itself completely outside its natural distribution area, occupying some of the best habitats for deciduous species in Serbia.
The aim of this work was to establish whether the forty-year cultivation of spruce in a montane belt of beech forest in northwest Serbia has affected floristic composition, physical and chemical soil characteristics, and the metabolism of this habitat, and if so, to what degree.
mAterIAlS AnD metHODS

Site description
research was undertaken in the northwest of Serbia, on mt. maljen (lat./lon. 44 0 10'n / 20 0 5'e), in the locality of Kaona (880 m.s.l.), which is situated in a climatoregional area of montane beech forests (Fagetum montanum s. lat.). The climatic conditions of this area are moderate continental (mean annual temperature is 9.16 0 C, average temperature during the vegetation period is 15 0 C, and mean annual precipitation is 890 mm).
Description of experimental areas
Forty years ago, in a beech forest of root sprout origin, clear-cutting of beech trees was carried out in 20 m-wide strips. Spruce stands were established in these clearings, with these strips alternating with areas populated by beech. Our experimental areas were a spruce stand strip and a strip of autochthonous beech forest (control). The criterion for their being selected was that they were situated on the same soil type (dystric cambisol), formed on the same bedrock (diabase), with the same exposure (west) and almost the same terrain incline (5-10 0 ).
Floristic composition of the experimental areas
Phytocoenological research was conducted according to the Westhoff and van der marrel method (1973) in 20 x 20 m plots. For each area, three phytocoenological releves were taken. The plant species were established on the basis of The Flora of Serbia (Josifović et al., 1970 (Josifović et al., -1980 and Ikonographie Der Flora Des Südöstlichen mitteleuropa (Javorka and Csapody, 1975) .
Litter and soil analysis
For the litter samples (OlF and OH horizon-layer, n=7), dried to a constant weight and ground to pass a 0.5mm sieve, the pH was determined in deionized water (0.6 g of plant material/15 ml H 2 O) and in 1n KCl (0.6 g of plant material/15 ml 1n KCl + 1.2 g BaSO 4 ). The total carbon and nitrogen content in the litter was determined from the same sample using the Anstet method, modified by Ponomareva and nikolaeva (1975) .
Soil moisture was determined in the period from April to October at 10 cm increments up to a depth of 50 cm, with three replications. moisture levels were established gravimetrically, using a Chyo IB 30 type hygrometer. The results are presented in the form of the average levels of soil moisture during the vegetation period.
The chemical characteristics of the soil were determined at soil depths of 0-10, 10-20, 20-50 cm with 7 replications (n=7). The samples were dried at 65 o C to a constant weight and sieved. The acidity of the soil (active and substitutional) was determined potentiometrically, with a glass electrode, using a mixture of soil/deionized water and soil/1 n KCl (1:2.5, w/v). Soil adsorptive complex characteristics were determined according to Kappen as follows: the content of exchangeable bases (S, mg ekv*100 g -1 ), hydrolytical acidity, the sum of acidic cations (t-S, mg ekv*100 g -1 ) through calculation using hydrolytical acidity, and cation exchangeable capacity (t, mg ekv*100 g -1 ) was established through calculation. The saturation of the adsorption complex with bases (v%) was determined through calculation, according to Hissink. The total organic carbon content (C%) in soil was determined by potassium dichromate oxidation using the Simakov modification of the turin method (1957) , and the total nitrogen content (n%) using the semimicro-Kjeldahl method. The C/n ratio was determined through calculation. Available phosphorus (P 2 O 5 , mg/100 g) and potassium (K 2 O, mg/100g) were extracted with ammonium acetate-lactate (A-l solution, pH 3.7, ratio 1:20) and determined by flame photometry (egner et al., 1960) .
Litter decomposition
In order to determine the intensity of the decomposition of the leaf litter of the species examined, the 'litter bag method' was used (Bocock and gilbert, 1957; Wieder and lang, 1982; Albers et al., 2004) . Decom-position intensity for the organic matter of beech and spruce was determined 6 months and 12 months after the start of decomposition. Freshly fallen leaves and needles from the species examined were collected on plastic nets spread out on the surface of the forest soil. leaf litter (20 g), dried at a temperature of 65 o C to a constant weight, was enclosed in a bag (20 x 20 cm) made of plastic netting with a mesh size of 1 mm. In October, ten bags were randomly placed for each species on the surface of the forest floor. After six months, in April of the following year, five of the bags were sampled for each species (n=5), and after twelve months, in October, the remaining five bags were collected (n=5) from both plots. Once soil and roots had been removed, all the collected bags were dried at 65 o C to a constant weight, in order to determine the remaining weight of the organic matter.
Based on Olson's decomposition model and Olson's rate constant of loss (Olson, 1963) , the prognosis for the decomposition of organic matter from beech and spruce was calculated using the formula: where m 0 is the initial mass of the organic matter, m t is the mass of the organic matter after a year (t) of decomposition and k is Olson's rate constant of loss after 12 months of decomposition; k 1/2 represents the decomposition coefficient after 6 months. According to this exponential model, half of the decomposition time t 1/2 =0.639*k, and the time constant k is equal to 0.368 of 1/e. The time required (in years) for the decomposition of 95% of the organic matter was calculated using 3/k, and the time required (in years) for the decomposition of 99% of the organic matter, using 5/k.
Statistical analysis
One-way analyses of variance (AnOvA) were performed to test the differences between the spruce stand and the beech stand as the control in terms of the physical and chemical characteristics of the soil, as well as the litter characteristics. Soil moisture, the acidity of the soil and litter (active and potential), characteristics of the adsorptive complex of the soil (cation exchangeable capacity -t, content of exchangeable bases -S, the sum of acidic cations -t-S, saturation of the adsorption complex with basesv), total nitrogen content, available P and K in soil, as well as the C/n ratio in soil and litter were compared. The intensities of the decomposition of spruce and beech organic matter after 6 and 12 months were also compared, as were the decomposition constants (k 1/2 and k) and decomposition prognosis constants (3/k and 5/k) for the organic matter from these species (subsequent tests of normality using the Shapiro-Wilk W test and levene's test of homogeneity of variances showed non-significant values for all the reported AnOvA breakdowns).
reSultS
Floristic composition
The only layer that was identified in the spruce stand was a tree layer, with spruce being the only trees present (Picea abies (l.) Karst.) /9/ (table 1). There has been no tending at the site, so trees with an average height of 12 m and a trunk diameter of approximately 20 cm cover 100% of the surface area. There is a complete absence of a shrub layer and herbaceous cover within the stand, while the surface of the soil is covered with a layer of needles densely intertwined with fungal hyphae. Isolated specimens of the species Cardamine bulbifera (l.) Crantz., Rubus hirtus W et K. and Fagus moesiaca (Domin, maly) Czeczott were noted on the very edge of the spruce stand. At the control site (the beech stand), three layers were identified. In the tree layer, beech trees were present (Fagus moesiaca (Domin, maly) Czeczott) /8/, accounting for 75% of the total. The trees are approximately 80 years old with an average height of 18-20 m and trunk diameter of 35-40 cm. The shrub layer covers 10% of the surface area, while the layer of herbaceous plants covers 100% (table 1) .
Litter and soil analysis
Average soil moisture levels at the research sites dur- ing the vegetation period were highest in the surface layer of the soil (0-10 cm), with this layer being drier (28.63±2.96%) in the spruce stand in relation to the control site in the beech stand (31.13±2.84%), (p<0.05). moisture content decreased in the deeper layers of soil at both sites, but no differences were noted between the spruce stand and the control site, except at a depth of 40-50 cm. At this depth, the soil was found to be moister in the spruce stand than in the control site (20.32±3.32% : 18.10±2.62%, p<0.05) (Fig.1 ).
The levels of active acidity of the soil, both in the litter layer and in all the investigated soil layers, were higher than those of substitutional acidity (Figs. 2 and 3). Statistically significant differences for active and also for substitutional acidity were only noted at a depth of 0-10cm, with lower values found in the spruce stand than in the control site (active acidity 4.30±0.24 : 4.86±0.35, p<0.01; substitutional acidity 3.37±0.22 : 4.01±0.32, p<0.001). In the litter layer, as well as in the deeper layers of soil, no differences between the sites were noted in terms of active and substitutional acidity (Figs. 2 and 3 ).
The cation exchangeable capacity (t) was lower in the spruce stand than in the control site at a soil depth of 0-10 cm (56.96±3.75 : 62.75±4.26, p<0.01), and at a depth of 10-20 cm (46.38±4.22 : 51.18±4.86, p<0.05). There were no differences between the sites at a soil depth of 20-50 cm (Fig. 4) . lower levels of the content of exchangeable bases (S) were recorded in the surface layer of soil in the spruce stand in comparison to the control site (11.61±1.35 : 20.66±1.98, p<0.001). no differences were noted at a depth of 20-30 cm, while at a soil depth of 20-50cm the values of S were higher in the spruce stand than in the control site (12.39±1.13 : 4.72±0.45, p<0.001) (Fig. 5) . The sum of acidic cations (t-S) in the surface layer of soil was higher in the spruce stand (45.35±3.40 : 42.09±3.37, p<0.05), although at a depth of 10-20cm, the sum of acidic cations was lower in the spruce stand than in the control site (34.58±3.17 : 39.97±3.14, p<0.05). At a depth of 20-50 cm, the sum of acidic cations was also lower in the spruce stand than in the control site (12.07±0.85 : 20.23±1.86, p<0.001) (Fig. 6 ). In the surface layer of soil (0-10 cm), lower levels of the degree of saturation of the adsorption complex with bases (v%) were noted in the spruce stand (20.38±1.86 : 32.92±2.95, p<0.001) (Fig. 7) . As the depth increased, the degree of saturation of the adsorption complex with bases in the spruce stand grew and, in the deeper layers of soil (20-50 cm), it became greater than at the control site in the beech stand (50.65±4.86 : 18.92±1.33, p<0.001).
Based on an analysis of essential nutrients (total n and available P and K), we found that the levels of these elements were lower in the soil in the spruce stand than in the control site, regardless of depth (p<0.001) (Figs. 8, 9 , 10). These levels decreased with depth at both sites. In the soil at the spruce stand, the presence of available P was not found at a depth of 10-20 cm or 20-50 cm (Fig. 9 ).
The C/n ratio at both sites was highest in the litter layer and decreased with the depth of the profile (Fig. 11) . A higher C/n ratio was found in the leaf litter at the spruce stand than at the control site 
Litter decomposition
The slower decomposition of spruce organic matter in comparison to beech organic matter was observed throughout the entire experiment (table 2) . After six months, the spruce matter had decomposed 7.60±2.69% in comparison to 18.2±0.7% for beech matter (p<0.001). After a year, spruce organic matter had decomposed 23.38±3.21%, as opposed to 32.76±3.57% for beech matter, (p<0.01). An analysis of the decomposition constants (k½ and k) and decomposition prognosis (3/k and 5/k) showed that at each stage of the experiment the organic matter from spruce decomposed more slowly than that of beech (table 3).
The intensity prognosis for the decomposition of spruce and beech organic matter, on the basis of Olson's decomposition model, showed that it will take 11.499±2.064 years for 95% of spruce leaf litter to decompose as opposed to 7.639±0.951 years for beech organic matter. . 19.166±3.440 years will be necessary for 99% of spruce organic matter to decompose, whereas it will take 12.732±1.586 years for the organic matter from beech (Fig. 12) . (Sydes and grime, 1981) , while the spruce's shallow plate-like root system, which mainly extends in the surface layer of soil, affects below-ground competition for water and nutrients (Faliński and Falińska, 1986) . The dense planting of spruce and the lack of tending in the form of sanitary cutting and thinning, has led to a reduction in the quantity and quality of light at the research site in the spruce plantation, which further explains the lack of a ground layer of plants in this area. namely, past research has shown that after the intensive thinning of spruce plantations created in deciduous habitats, ground flora forms that does not differ significantly from the ground flora in deciduous forests (Hill, 1987) . The absence of a ground layer of plants in the spruce plantation suggests that the planting of spruce has had a negative effect on the floristic composition, i.e. the biodiversity of this habitat. fig. 12 . model of the process of beech and spruce organic matter decomposition An analysis of average soil-moisture levels during the vegetation period showed that the surface layer of soil (0-10 cm) is drier, while soil at a depth of 20-50 cm is moister in the spruce stand than in the control site. This drier surface layer of soil in coniferous forests compared to deciduous ones has been determined by other authors, too (nihlgard, 1971; Augusto and ranger, 2001) . The degree of interception in coniferous forests is most often greater when compared to deciduous ones and has a positive correlation to the density of the stand (Parker, 1983; Komatsu et al., 2008) . This means less precipitation passes through the dense coniferous canopy and reaches the forest soil (Augusto and ranger, 2001) . It should also be added that transpiration begins in conifers in early spring before new leaf growth starts in deciduous trees, meaning the period of transpiration during the year is longer for coniferous trees (rothe, 1997). In addition, the structure of the root system of these two species has an effect on soil moisture. Spruce, which has a shallow, plate-like root system, takes water from the upper layer of soil and dries it out, while beech draws water from the deeper layers of soil with its strong taproot (Augusto et al., 2002; Schume et al., 2004) . All this explains why drier soil is found in the surface layers at the experimental spruce stand site, while the deeper layers of soil are drier in the beech stand (control site).
Soil acidification is a continuous process, the intensity of which is reflected in changes to various soil characteristics, including pH. It is believed that through measuring the substitutional acidity of soil, the impact of some species on soil acidity can be determined much more precisely than by merely measuring active acidity (Alfredson et al., 1998) . Some authors highlight the need to analyze the adsorption complex, particularly the degree of saturation of the adsorption complex with bases, as in this way the advance of the acidification process is much more noticeable (Porbeska et al., 2008) . Our research highlights a signification reduction in all these parameters in the spruce stand when compared to the beech stand (control). This reinforces the results of earlier research indicating that spruce acts as a markedly acidificatory species, and also that these changes are most pronounced at a soil depth of 0-10 cm (nihlgard, 1971; ranger and nys, 1994; Augusto et al., 2003; Hagen-Thorn et al., 2004; Bagherzadeh et al., 2008; Fabianek et al., 2009; Podrazsky et al., 2009 ).
The maintenance of certain nutrient reserves represents a fundamental prerequisite for the stability of any ecosystem. namely, for deciduous trees (beech, oak, birch), the input-output budget of nutrients is in equilibrium, while for conifers (spruce), it is negative (Bergkvist and Folksen, 1995; Fichter et al., 1998; Augusto et al., 2002) . This is a consequence of a higher concentration of nutrients in deciduous litter compared to conifers, as well as the fact that the loss of nutrients through leaching is two to four times greater in spruce stands compared to beech (ranger and nys, 1994; rothe, 1997; rothe et al., 2002; Berger et al., 2009) . Deciduous litter contains 10-50% more n and P, and 100-400% more Ca, mg, and K than coniferous litter (Augusto et al., 2002) . We found significantly lower levels of nitrogen and available forms of phosphorus and potassium in the soil at the spruce stand compared to the beech stand (the control), whatever the depth of the examined soil profile (p<0.001), which means that the planting of spruce in a beech habitat has led to a reduction in nutrients at the habitat. Besides the factors already mentioned, the higher content of these nutrients in the surface horizon-layer of the soil at the control site is also a result of the dense ground cover of herbaceous plants, which is intensively involved in the cycling of these nutrients (Podrazsky et al., 2009) , as well as beech acting as a pump which recycles nutrients from deeper soil horizons through its deeper root system (Berger et al., 2006) . The lower potassium content in soil populated by conifers compared to soil populated by deciduous forest has also been confirmed by other authors (Brandentberg et al., 2000; HagenThorn et al., 2004; Bagherzadeh et al., 2008) . As far as phosphorus is concerned, general findings on the influence of different species on the levels of this nutrient are quite limited and contradictory (Augusto et al., 2002) . Spruce causes an increase in the content of total P in the surface layer of soil (Hagen-Thorn et al., 2004) . However, bearing in mind the fact that phosphorus is found in soil in various organic and inorganic forms, the content of available phosphorus does not depend on its total content. The significant decrease in available phosphorus which we found in the spruce stand when compared to the control site coincides with the findings that an increase in soil acidity causes a decrease in the content of available P (van Breemen et al., 1983; Pare and Bernier, 1989; Carreira et al., 1997) .
The content of n and the C/n ratio are important parameters for determining the impact of plant species on the functioning of the ecosystem (vesterdal et al., 2008) . The variability of C/n is closely linked to changes in the composition of plant cover (lovett et al., 2002) , and the C/n ratio in litter represents one of the indicators of the intensity of the organic matter decomposition process in the ecosystem (Swift et al., 1979; Sariyildiz and Anderson, 2003) . Our research highlighted a reduction in n content in the soil of the spruce stand in relation to the control site, which led to an increase in the C/n ratio in the spruce stand. Decomposition of organic matter will take place uninhibited if the C/n ratio is less than 25 at the initial organic source (Swift et al., 1979; Waring and Schlesinger, 1985) . The higher C/n ratio found in spruce litter when compared to the litter at the control site (29.08 : 21.09) was the first indicator of the future deceleration of organic matter decomposition in the spruce stand.
The slower process of organic matter decomposition in the spruce stand in comparison to the control site, and thereby the slower process of nutrient cycling, was also confirmed by the litter bag experiment. The research that was conducted by studying the transformation of the litter showed that the physicochemical environment, litter quality, and the composition of the decomposer community are the three main factors that influence the rates of decomposition and nutrient cycling (Swift et al., 1979) . In addition to the regional climatic influence and the local influence of the litter quality (meentemeyer, 1984) , microenvironmental conditions are also of great importance for the intensity of the decomposition process (soil moisture, pH, temperature, and fertility) (Swift et al., 1979) . In habitats at the same altitude and with the same temperature, a greater degree of decomposition was noted in moister habitats (vitousek et al., 1994) . It was also observed that the pH of the litter and soil regulates the decomposition process as it has a direct influence on the microorganism decomposers and an indirect one on the solubility and thus availability of the individual nutrients (Berg and mcClaugherty, 2008) . Our research shows that the planting of spruce has caused changes in the microenvironmental conditions (a decrease in moisture, pH, and a reduction in nutrients in the soil), which has led to the deceleration of the decomposition of organic matter in the spruce stand. litter quality, i.e. its chemical composition, influences the decomposition process, as the early phase of decomposition has a positive correlation with initial litter n and P contents, while later decomposition rates are affected more by lignin concentrations in the litter (Berg et al., 1995) . research by Berger et al. (2009) showed that beech litter is characterized by higher nutrient concentrations. On the other hand, spruce needles and organic layers in spruce forests are characterized by their high polyphenol contents (gallet and lebreton, 1995) , the initial levels of which correlated negatively with decomposition intensity (loranger et al., 2002) .
The slower decomposition of spruce needles led to the accumulation of non-decomposed organic matter and the sequestration of nutrients. This resulted in differences in the fertility of the habitats (lower levels of some essential nutrients at the spruce stand in comparison to the control site), which can lead to further deceleration of the decomposition process. namely, at habitats with very low levels of available P, Ca and mg in the top soil, the accumulation of amounts of carbon (humus) is much more pronounced than at sites with higher nutrient amounts (Swift et al., 1979; vesterdal and raulund-rasmussen, 1998) . Furthermore, plants that grow at nutrient poor sites are often characterized by greater nutrient resorption, which leads to even poorer litter quality (rejmankova and Sirova, 2007) . The decomposition prognosis for the organic matter of spruce (11.49 years and 19.16 years, respectively) points to the fact that nutrients will be excluded from the cycling process for a lengthy period of time. It should be added that spruce is characterized by modest nutrient requirements when compared to beech and by a shallow root system, and that it will not use nutrients from lower soil layers (Berger et al., 2006) , only from the surface layers. retarded litter decomposition leads to the production of organic acids and also delays the return of base cations to the soil sorption complex (Hagen-Thorn et al., 2004) , and might result in further acidification of soil (mertens et al., 2007) . All this points to the fact that this habitat will continue to degrade further in terms of productivity.
COnCluSIOn
Based on the results of our research, we can conclude that the forty-year cultivation of spruce has resulted in a reduction in the biodiversity of the beech habitat. The results of the analysis of the surface layer of soil have shown that certain degradation processes began after the planting of the spruce trees. These are reflected above all in the drainage of the soil, acidification, and a decrease in the concentrations of the most important nutrients in the soil. The changes are most pronounced in the surface layer, which is a result of differences in the amount and quality of the litter and the processes that occur on the surface of the forest soil. The planting of conifers has led to a deceleration of the metabolism of the beech ecosystem on mt. maljen. This all suggests that the planting of spruce trees should be avoided in habitats where beech is found in optimal ecological conditions. Berger, W.T., Untersteiner, H., Shume, H. and G. Jost (2008 Javorka, S. and V. Csapody (1975) . Ikonographie Der Flora Des Südöstlichen mitteleuropa. Akademiai Kiadó, Budapest. , M. (1970-1980) . The Flora of the Socialist republic of Serbia I-X, Serbian Academy of Science and Arts, Belgrade. (in Serbian)
Josifović
Jovanović, B., Stojanović, Lj. and N. Jović (1983) . Some thoughts and terms connected to converting low and degraded forests in silvicultural form. Forestry, Belgrade 2, 3-13. (in Serbian)
Klimo, E., Materna, J., Lochman. V. and J. Kulhavy (2006) . Forest soil acidification in the Czech republic. J. For. Sci. 52, 14-22.
Klinka, K., Green, R.N., Trowbridge, R.L. and L.E. Lowe (1981) . taxonomic classification of humus forms in ecosystems of British Columbia. First approximation. land management report 8, ministry of Forests, Province of British Columbia, vancouver, Canada 54 p.
Komatsu, H., Kume, T. and K. Otsuki (2008) . The effect of converting a native broadleaved forest to a coniferous plantation forest on annual water yield: a paired-catchment study in northern Japan. Forest Ecol. Manag. 255, 880-886. Kostić, O. (2007) . The influence of a monoculture of spruce and Douglas fir on pedogenesis and soil characteristics on mt.
